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In the title molecule, Ci 6 H 14 0 4 S, the dihydrocyclopentathio- 
phenone ring system is almost planar, with an r.m.s. deviation 
of 0.060 A from the best fit plane through all nine non-H 
atoms. The cyclopentanone ring adopts a severely flattened 
envelope conformation with the C atom carrying the OH and 
ethylcarboxylate substituents at the flap. This atom lies only 
0.185 (3) A from the plane through the other four C atoms. 
The phenyl substituent is inclined at 43.37 (5)° to the 
dihydrocyclopentathiophenone mean plane. In the crystal, 
molecules are linked by pairs of O— H- ■ O hydrogen bonds, 
forming inversion dimers with i?l(10) ring motifs. Weak C— 
H- ■ O hydrogen bonds also link molecules into chains along c, 
while an approximately orthogonal set of C— H- ■ O contacts 
form chains along b, resulting in layers lying parallel to (100). 
Inversion dimers also form through weaker R%{V1) C— H- • -S 
contacts, which combine with C— H- ■ O contacts to form 
stacks along b. 

Related literature 

For details of conducting thiophene polymers, see: Anquetil et 
al. (2003). For related structures, see: Bonini et al. (2004); 
Chang et al. (2004). For details of the Cambridge Structural 
Database, see: Allen (2002). For hydrogen-bond motifs, see: 
Bernstein et al. (1995). For standard bond lengths, see Allen et 
al. (1987). For the preparation of a precursor used in the 
synthesis, see: Yang (2009). 




Experimental 

Crystal data 

C16H14O4S 
M r = 302.33 
Triclinic, PI 
a = 7.7407 (4) A 
b = 9.1005 (4) A 
c = 10.5035 (5) A 
o- = 84.840 (3)° 
P = 80.929 (3)° 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2011) 
T min = 0.672, r mM = 0.745 

Refinement 

R[F 2 > 2a(F 2 )] = 0.032 

wR(F 2 ) = 0.079 

S = 1.07 

2584 reflections 

194 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 88.086 (3)° 
V = 727.56 (6) A 3 
Z = 2 

Mo Ka radiation 
li = 0.24 mnT 1 
T = 91 K 

0.45 x 0.35 x 0.25 mm 



13007 measured reflections 
2584 independent reflections 
2233 reflections with / > 2a(I) 
R in . = 0.035 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Aytw = 0.30 e A" 3 

Apmto = -0.26 e A~ 3 



D-H-A 


D—H 


ft- -A 


D-A 


D-rl-A 


06-H6-014 


0.82 (2) 


2.27 (2) 


2.6705 (16) 


110.8 (16) 


06-H6- ■ 05' 


0.82 (2) 


2.06 (2) 


2.7973 (16) 


150.5 (19) 


C1-H1-014" 


0.95 


2.56 


3.157 (2) 


121 


Cll-Hll-05 m 


0.95 


2.52 


3.386 (2) 


152 


C15-H15B-06 iv 


0.99 


2.27 


3.206 (2) 


157 


C7-H7-S1 V 


1.00 


2.97 


3.7855 (16) 


139 


C12-H12-014 vi 


0.95 


2.61 


3.497 (2) 


157 


Symmetry codes: (i) 
(v) -i,-f + l,-;4 


— -v, — y + 2, — z - 

1; (vi) —x, —y H 


H; (ii) x,y- 
-2.-Z + 2. 


1, z; (iii) x, y, z + 


1; (iv) x + 1, y, z; 



Data collection: APEX2 (Bruker, 2011); cell refinement: APEX2 
and SAINT (Bruker, 2011); data reduction: SAINT; program(s) used 
to solve structure: SHELXS97 (Sheldrick, 2008) and TITAN2000 
(Hunter & Simpson, 1999); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008) and TITAN2000; molecular graphics: 
SHELXTL (Sheldrick, 2008) and Mercury (Macrae et al., 2008); 
software used to prepare material for publication: SHELXL97, 
enCIFer (Allen et al., 2004), PLATON (Spek, 2009) and publCIF 
(Westrip 2010). 
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Ethyl 5-hydroxy-6-oxo-4-phenyl-5,6-dihydro-4//-cyclopenta[6]thiophene-5-carboxylate 
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Comment 

There is currently much interest in research into conducting thiophene polymers (Anquetil et al, 2003). Our interest in 
molecular actuators based on this chemistry led to the isolation of the previously unreported title compound. 

In the molecular structure of the title molecule (Fig. 1), the flap atom of the severely flattened C3—C7 ring carries both 
hydroxy and ethylcarboxylate substituents. Atom C6 lies 0.185 (3) A from the mean plane through atoms (C3-C5,C7) and 
this plane is inclined at 4.43 (8) ° to the thiophene ring (S1,C1-C4) mean plane. As a result the dihydrocyclopenta-thiophene- 
one ring system is also reasonably planar with a r.m.s. deviation of only 0.060 A from the plane through all 9 non-hydrogen 
atoms. The C7 atom of the cyclopentane ring carries a phenyl substituent that subtends a dihedral angle of 43.37 (5) ° to the 
dihydrocyclopentathiophene plane. The Cambridge Crystal Structure Database (CSD, Version 5.32, last update Aug. 201 1; 
Allen, 2002) reveals only three structures involving dihydrocyclopenta-thiophene-one ring systems (Bonini et al, 2004; 
Chang et al, 2004). In the title molecule the bond distances are normal (Allen et al., 1987) and similar to those reported 
for these similar molecules. 

In the crystal 06-H6 - 05 hydrogen bonds form inversion dimers with R 2(10) ring motifs, (Bernstein et al, 1995), Fig 
2. Chains form along c due to weak Cll— Hll— 05 contacts while C1-H1..014 contacts form chains at roughly 90 ° to 

these along b. These contacts combine to generate layers lying parallel to the (100) plane, Fig 3. Inversion dimers also form 

2 

through weaker R 2(12) C7-H7—S1 contacts, and together with C12..H12— 014 hydrogen bonds lead to stacks along b, Fig 
4. Additional 05..H15-06 contacts further stabilize the packing. 

Experimental 

The precursor thiophene, ethyl 6-oxo-4-phenyl-5,6-dihydro-4//-cyclopenta- thiophene-5-carboxylate (EOPDCTC), was 
prepared by a literature procedure (Yang, 2009). EOPDCTC (315 mg, 1.1 mmol) and potassium tertiary butoxide (289 mg, 
2.6 mmol) were dissolved in 2-propanol (5 ml) and iodine (280 mg, 1.1 mmol) in 2-propanol (5 ml) added dropwise under a 
N2 atmosphere. After stirring at room temperature for 24 hrs, the solvent was removed under reduced pressure. The residues 
were redissolved in EtOAc, washed with saturated sodium thiosulfate and distilled water then dried over MgS04. The crude 
product was purified by silica gel column chromatography with CF^CVEtOAc (10%) to give a brown solid in 17% yield. 
X-ray quality crystals were obtained from a CH2CI2 solution of the title compound layered with hexane. Mp 404 K. HRMS 
(+ve ESI) mlz calc for Ci6Hi304SNa 324.0427, found 325.1152. Spectroscopic data for the title compound are available 
in the archived CIF. 

Refinement 

The H atom of the OH group was located in a difference Fourier map and its coordinates were refined with U i%0 = 1.5(7 eq (0). 
All C-bound H atoms were included in calulated positions and refined using a riding model: d(C — H) = 0.95, 1.00, 0.99 
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and 0.98 A, for aromatic, methine, methylene and methyl H-atoms, respectively, with U lso = k x (7 e q(C), where k = 1.5 for 
methyl H atoms, and k = 1 .2 for all other H atoms. 
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Fig. 1. The molecular structure of the title molecule, with numbering scheme and dispacement 
ellipsoids drawn at the 50% probability level. 



Fig. 2. A view of the inversion dimers of the title compound formed by O — H-0 hydrogen 
bonds [dashed cyan lines]. 



Fig. 3. A view of the formation of layers of the title compound lying parallel to the (100) 
plane. The C — H - 0 interactions are illustrated by dashed cyan lines. 



Fig. 4. The crystal packing of the title compound viewed along the b-axis, showing the 
C — H--S and C — H -0 interactions [dashed cyan lines]. 



Ethyl 5-hydroxy-6-oxo-4-phenyl-5,6-dihydro-4H- cyclopenta[6]thiophene-5-carboxylate 



Crystal data 

C^H^C^S 

M r = 302.33 
Triclinic, PI 
Hall symbol: -P 1 
a = 1.1 '407 (4) A 
b = 9.1005 (4) A 
c= 10.5035 (5) A 
a = 84.840 (3)° 
(3 = 80.929 (3)° 
Y = 88.086 (3)° 
V= 727.56 (6) A 3 



Z = 2 

^(000) = 316 

D x = 1.380 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 4122 reflections 

6 = 2.7-24.9° 

|i = 0.24 mnT 1 

7=91 K 

Block, colourless 

0.45 x 0.35 x 0.25 mm 
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Data collection 



Bruker APEXII CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2011) 
r min = 0.672, r max = 0.745 
13007 measured reflections 



2584 independent reflections 

2233 reflections with / > 2<r(7) 

R int = 0.035 

^max — 25.2 , 9 m ; n — 2.7 

h = -9^9 

* = -10->10 
/ = -12— »12 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.032 



wR(F 2 ) = 0.079 



S = 1.07 

2584 reflections 
194 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 



w = V[o 2 (F 0 2 ) + (0.0322P) 2 - 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Apmax = 0.30 e A~ 3 
Ap m i„ = -0.26 e A" 3 



0.3338P] 



Special details 

Experimental. Spectroscopic data for the title compound: [ H NMR (6 p.p.m., CDC1 3 , 400 MHz): 8.08 (IH, d, J = 4.8 Hz, CHS), 
7.35-7.28 (5H, m, phenyl H), 7.16 (IH, d, J = 4.8 Hz, C//CHS), 4.73 (IH, s, C//C 6 H 5 ), 4.37 (IH, s, OH), 3.82 & 3.62 [2 x (IH, m, 

CH 2 )], 0.85 (3H, t, J = 7 Hz, CH 3 ). IR v(CO) 1737, 1703 cm" 1 . 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al ic-factors R are based on F, with F set to zero for negative F . The threshold expression of r > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 

x y z U iso */U eq 

SI 0.31491 (5) 0.47012 (4) 0.41577 (4) 0.01868 (13) 

CI 0.2877(2) 0.33654(18) 0.54308 (16) 0.0206(4) 
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U.0001 (/) 


C14 


0.0163 (8) 


0.0157(8) 


0.0116(8) 


-0.0006 (7) 


-0.0003 (6) 


-0.0006 (6) 


014 


0.0220 (6) 


0.0149 (6) 


0.0270 (7) 


0.0009 (5) 


-0.0047 (5) 


-0.0034 (5) 


015 


0.0118(6) 


0.0222 (6) 


0.0278 (7) 


0.0012(5) 


-0.0050 (5) 


-0.0098 (5) 


C15 


0.0139 (9) 


0.0281 (10) 


0.0334 (10) 


-0.0044 (7) 


-0.0040 (7) 


-0.0113 (8) 


C16 


0.0419(13) 


0.0704(16) 


0.0341 (12) 


-0.0203 (12) 


-0.0160 (10) 


-0.0069 (11) 



Geometric parameters (A, °) 








SI— CI 


1.7164(17) 


C9— C10 


1.395 (2) 


SI— C4 


1.7171 (16) 


C9— H9 


0.9500 


CI— C2 


1.365 (2) 


C10— CI 1 


1.376 (3) 


CI— HI 


0.9500 


C10— H10 


0.9500 


C2— C3 


1.417 (2) 


Cll— C12 


1.384 (3) 


C2— H2 


0.9500 


Cll— Hll 


0.9500 


C3— C4 


1.374 (2) 


C12— C13 


1.389 (2) 


C3— C7 


1.509 (2) 


C12— H12 


0.9500 


C4— C5 


1.443 (2) 


CI 3— HI 3 


0.9500 


C5— 05 


1.2190(19) 


C14— 014 


1.2041 (19) 


C5— C6 


1.560(2) 


C14— 015 


1.3332 (19) 


C6— 06 


1.4018 (18) 


015— C15 


1.4689 (19) 


C6— C14 


1.531 (2) 


C15— C16 


1.491 (3) 


C6— C7 


1.567 (2) 


C15— H15A 


0.9900 


06— H6 


0.82 (2) 


C15— H15B 


0.9900 


C7— C8 


1.520 (2) 


C16 — H16A 


0.9800 


C7— H7 


1.0000 


C16— H16B 


0.9800 


C8— C9 


1.389 (2) 


C16— H16C 


0.9800 


C8— C13 


1.395 (2) 






CI— SI— C4 


89.88 (8) 


C8— C9— C10 


120.27 (16) 


C2— CI— SI 


113.94(13) 


C8— C9— H9 


119.9 


C2— CI— HI 


123.0 


C10— C9— H9 


119.9 


SI— CI— HI 


123.0 


Cll— C10— C9 


120.64(17) 


CI— C2— C3 


111.12(15) 


Cll— C10— H10 


119.7 


CI— C2— H2 


124.4 


C9— C10— H10 


119.7 


C3— C2— H2 


124.4 


C10— Cll— C12 


119.60(16) 


C4— C3— C2 


112.06(14) 


C10— Cll— Hll 


120.2 


C4— C3— C7 


112.16(14) 


C12— Cll— Hll 


120.2 


C2— C3— C7 


135.47 (15) 


Cll— C12— C13 


120.06 (16) 


C3— C4— C5 


112.25 (14) 


Cll— C12— H12 


120.0 


C3— C4— SI 


112.99 (12) 


C13— C12— H12 


120.0 


C5— C4— SI 


134.64 (13) 


C12— C13— C8 


120.82 (17) 


05— C5— C4 


130.13 (15) 


C12— C13— H13 


119.6 


05— C5— C6 


124.00 (14) 


C8— CI 3— HI 3 


119.6 


C4— C5— C6 


105.87 (13) 


Ol4— C14— 015 


125.38 (15) 


06— C6— C14 


109.60 (13) 


Ol4— C14— C6 


122.73 (14) 
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Uo — Co — Cj 


111.0.) (12) 


ai r p 1 A p/r 

U 1 5 — C 1 4 C6 


111 oi ^'^ i \ 
111.63 (13) 


C14 — Co — Cj 


106.6:) (12) 


P 1 /I A1 c 

C 14 — U 1 5 — C 1 5 


1 1 C O 1 /I "">\ 

115.61 (12) 


Uo — Co — C / 


lift /1 T\ 

1 10.20 (12) 


ak n c p 1 /; 
U 1 5 — C 1 5 — C 1 6 


ill /;n ^1 c\ 
111.60 (ID) 


C 1 4 — Co — C / 


111 /I O /1 T\ 

113.46 (12) 


AK n C rjK A 

U 1 3 — C 1 J — H 1 5 A 


1 nn i 

ioy.3 


CD CO C / 


in? c/: / 1 1\ 
lUj.jo (12) 


p 1 /: uk a 
C 1 6 — C 1 J — H 1 J A 


1 nn i 
10V.3 


Co — Uo — hlo 


111 Q /I /I \ 
111.6 (14) 


Ai r pi r TJ1 CO 

(J 1 5 — C 1 5 — H 1 5B 


1 nn i 

ioy.3 


r^i r~"i ro 
CJ — C / — Co 


i i n i A /i i\ 
llv.14 (13) 


pi<r pK UKD 

CI 6 — CI J — HlShs 


1 no. i 
10V.3 


CJ — C / — Co 


102.66 (12) 


IJ1 C A pi f TJ1 CD 

ti 1 5 A — C 1 J — H I its 


1 no n 
106.0 


Co — C / — Co 


11^1 /:/; m\ 
114.00 (13) 


PIC PU n|<TA 

C 1 5 — C 1 6 — ti 1 6 A 


1 nn c 

ioy.5 


C3 — C7 — H7 


106.4 


Pic pi / T T 1 /IT} 

C 1 5 — C 1 6 — H 1 6B 


109.5 


C8— C7— H7 


106.4 


H16A— CI 6— H16B 


109.5 


C6— C7— H7 


106.4 


C15— C16— H16C 


109.5 


C9— C8— C13 


118.56 (15) 


H16A— CI 6— H16C 


109.5 


C9— C8— C7 


123.45 (14) 


H16B— CI 6— H16C 


109.5 


CI 3— C8— C7 


117.99(15) 







Hydrogen-bond geometry (A, °) 



D—H-A 


D — H 


H-A 


D-A 


D—H-A 


06— H6-014 


0.82 (2) 


2.27 (2) 


2.6705 (16) 


110.8 (16) 


06— H6-05' 


0.82 (2) 


2.06 (2) 


2.7973 (16) 


150.5 (19) 


CI — HI— 014" 


0.95 


2.56 


3.157 (2) 


121 


Cll— Hll-05"' 


0.95 


2.52 


3.386 (2) 


152 


C15— H15B- -06 iv 


0.99 


2.27 


3.206 (2) 


157 


C7 — H7"'S1 V 


1.00 


2.97 


3.7855 (16) 


139 


C12— H12-014 vi 


0.95 


2.61 


3.497 (2) 


157 


Symmetry codes: (i) -x, 


-y+2, -z+ 1 ; (ii) x, y-l , z; (iii) x, y,z+\; (iv) x+1 , y, z; (v) -x, -y+ 1 , 


-2+1; (vi) -x, -y+2, 


-z+2. 
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Fig. 4 
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